Abstract -Eleven species (including 18 samples) of the genus Pyrenaria complex, i. e., Pyrenaria, Tutcheria and Pampyrenaria in the Camellioideae of the family Theaceae, were karyomorphologically investigated. Features common to all the species investigated include: (1) the simple chromocenter type of the interphase nuclei; (2) the chromosome number of 2n=30 and (3) the small chromosomes with the gradually decreased sizes. The basic chromosome number of x=15 is confirmed for all taxa. All species investigated are diploid. Only a few unimportant karyomorphological differences were found among these taxa, such as the variation of the number of the median, the submedian and the subterminal centromeric chromosomes, the mean arm ratio, the ratio of the longest chromosome length / shortest chromosome length, and the karyotype asymmetry. These differences show no correlation with the morphological variation and the taxonomic circumscriptions of these taxa. Karyomorphological data provides further evidence for merging Tutcheria and Parapyrenaria into and establishing the genus Pyrenaria in its broad sense (Pyrenaria s.l.). Moreover, karyomorphological data suggest that Pyrenaria s.l. might have a close affinity with and is more primitive than Camellia.
INTRODUCTION
Pyrenaria Blume, Tutcheria Dunn and Parapyrenaria H.T. Chang, the members of the subfamily Theoideae (or Camellioideae) in the family of Theaceae, are a quite controversial complex with regard to their systematic positions and taxonomic relationships. Pyrenaria is distributed from the northeast India (Assam) and the north of Myanmar to Malaysia region via the southwestern China and Indochina Peninsula. Tutcheria mainly occurs in China, with a few species extending outside. Parapyrenaria, a migrator from Tutcheria, was a monotypic genus endemic to China until 1983 when a new species, Parap. indochinensis H.T. Chang, was added (CHANG 1983) . As to the intergeneric re-lationships, there are two contradictory viewpoints represented by KENG (1972 KENG ( , 1980 and CHANG (1983 CHANG ( , 1998 as well as YE (1985, 1990) , respectively. KENG (1972, 1980) considered that the main differences between Pyrenaria and Tutcheria, i.e., the number of ovules in each ovary locule (two ovules in each locule for the former and 2-5 for the latter) and the feature of fruit (pericarp succulent, indehiscent in the typical forms of Pyrenaria and ligneous, dehiscent in the typical forms of Tutcheria), were continuous, unstable and of little taxonomic importance. On the other hand, the high resemblance in seed and seedling morphology between both genera combined them closely together and distinguished them from all other members, except Parapyrenaria, in the Theaceae. So he proposed to reduce Tutcheria as a synonym of Pyrenaria, and in the same time he expressed his doubt to the establishment of Parapyrenaria. On the contrary CHANG (1983, 1998) (1985, 1990) insisted that Pyrenaria, Tutcheria and Pampyrenaria should be retained as three separate genera. In respect of the systematic position of the three groups, different authors made different taxonomic treatments in different periods (MELCHIOR 1925; AIRY-SHAW 1936; SEALY 1958; KENG 1962; YE 1990 ; CHANG 1998, see Table  1 ). All these suggestions were based mainly on the evidence from morphology as well as anatomy. It is clear that, in order to justify and clarify generic affinity and position as well as infrageneric phylogeny, intensive studies on various taxonomic characters are badly need. Our successive researches on these three genera from morphology, anatomy, embryology and palynology (YANG and MING 1995a, b) supported to circumscribe the genus Pyrenaria in its broad sense containing Tutcheria and Parapyrenaria, and further indicated that Pyrenaria s.l. is closely related to and more primitive than Camellia in the Theoideae.
The karyomorphological date are of great importance to save systematic and taxonomic problems (e.g. STEBBINS 1971; MEHRA and SAREEN 1973; MEHRA 1976; HONG 1990; OGINUMA et al 1990 OGINUMA et al ,1994 YANG et al. 1993; CUBAS et al 1998; LIU et al 1999, etc.) . Although chromosome data are very abundant in Camellia of the Theaceae (e.g. DARLINGTON and WYLIE 1955; MOORE 1973 MOORE -1977 GOLDBLATT 1981 GOLDBLATT -1988 LI and LIANG 1990; GOLDBLATT and JOHNSON 1990-1996; GU & SUN 1997; MING 1995, 1999, etc.) , in Pyrenaria s.l., only one species (Pyrenaria spectabilis (Champ.) Dunn = Tutcheria spectabilis Dunn, the former binomen is not correct, the nomenclature about this species will be discussed in a separated revision paper) was karyomorphologically reported (OGINUMA et al. 1994 ). The present study provides comprehensive research on the karyomorphology of the Pyrenaria complex for the first time, aiming to (1) test the circumscription of the Pyrenaria s.l. based on the other lines of evidence, (2) determine the systematic position of the recircumscribed genus in the subfamily Theoideae, and (3) detect infraphylog-eny and evolution.
MATERIAL AND METHODS
Eleven species with eighteen samples, represent ing the variation of the whole Pyrenaria s.l., were investigated in this study. They are listed in Table 2 along with their collection information. The seeds used in this work were directly collected from the field. The voucher specimens are deposited in the Herbarium of Kunming Institute of Botany, the Chinese Academy of Sciences, Kunming, Yunnan, P. R. China (KUN).
For the observations of somatic chromosomes, the root tips of germinating seedlings were cut off and were pretreated in 0.1 % colchicine at room temperature for 4-5 hours before fixed in Carnoy's solution (l:3=glacial acetic acid: 95% ethanol) at 4 °C for an hour. They were macerated in 1:1 mixture of 1 hydrochloric acid and 45% acetic acid at 60 °C for five minutes, and then were stained and squashed in 1% aceto-orcein before observation. Observations were made on nuclei at somatic mitotic interphase and metaphase. Karyomorphologi-cal classification of chromosomes at interphase followed TANAKA (1971, 1977) classification system. The nomenclature used for the karyotype description was that proposed by LEVEN et al. (1964) . The classification of karyotype asymmetry was estimated according to STEBBINS (1971) . To obtain the chromosome parameters concerned, the chromosomes of at least 50 cells were counted and at least 3 chromosome complements at metaphase were measured.
RESULTS

Karyomorphology of the resting nuclei
At the interphase stage, all taxa examined here shared common karyomorphological characters. In interphase nucleus, 25-30 darkly stained heteropycnotic bodies with irregular shapes, were observed. In addition, many lightstained chromatm threads and scattered chromomeric granules also existed in other regions of the nucleus. Thus, morphology of the resting nuclei could be categorized to be the simple chromocenter type according to TANAKA (1971 TANAKA ( , 1977 classification (Fig. 1-4) .
Karyomorphology at metaphase
The chromosome numbers and the main karyomorphological features of these taxa analyzed here are listed in Table 3 . The selected photographs of the chromosome morphology at metaphase are illustrated in Figs. 5-22.
All taxa observed had the same, steady chromosome number of 2n=30. All chromosomes (except a chromosome of Pyrenaria diospyricarpa] were not longer than 4 m in absolute lengths and could be classed into the category of small chromosome according to LIMA-DE-FARIA (1949) chromosome field theory. Furthermore, chromosomes in each chromosome complement changed their size in a gradual series so that it was usually difficult for us to exactly pair homologous chromosomes. Karyotype asymmetry was of 2B type or, in rare condition, 2A type. The metacentric (m) and submetacentric (sm) chromosomes formed the main part of chromosome complement and on the contrary the subtelocentric (st) chromosomes were rare or absent. The other chromosome parameters including number of m, sm and st chromosomes, range of absolute length and relative length, mean arm ratio, ratio of longest chromosome length/shortest chromosome length, presence or absence of satellites OGINUMA et al. (1994) suggested that T. spectabilis should be a hexaploid with a basic chromosome number of x = 5, based on the species with six (st) or (t) chromosomes. However, in the present investigation, none of the eleven species examined, including T. spectabilis, showed six subtelocentric or telocentric chromosomes in its chromosome complement. No telocentric chromosome was found in all species. Only one or two subtelocentric chromosomes were found for most taxa. Judging from the concrete fact that some chromosomes in each taxon observed could be paired, also considering that the basic chromosome number x=15 were recorded for the kindred Camellia in the literature mentioned above, it is suggested that the three groups of the Pyrenaria complex might have the same basic chromosome number of x = 15 as that of Camellia, which means that all species investigated in this study should be diploid.
DISCUSSION
Basic chromosome number of Pyrenaria complex
The circumscription of Pyrenaria
As mentioned in the introduction, the taxonomic circumscription of Pyrenaria, Tutcheria and Parapyrenaria is one of the key problems remaining to be solved in the phylogeny of the Theoideae. On the basis of our studies on morphology, anatomy, embryology and palynology (YANG and MING 1995a, b) , we tentatively suggested that Tutcheria and Parapyrenaria should be merged into Pyrenaria. The present study found that all taxa investigated here share commonly the interphase nucleus of simple chro-mocenter type and chromosome number of 2n=30 (x=15). Although some differences in karyomorphology (see Table 3 ) were also found among taxa, by comprehensive comparison and further analysis, it is not difficult to find that these differences are disordered and show no correlation with the circumscription of each taxon. It is not unusual that karyomorphologi-cal differences among populations and even among individuals are more prominent than those among species and even among genera. These facts imply that these differences are of rare significance to distinguish these taxa and, on the contrary, illustrated the close affinities among these taxa to some extent. Thus, it may be concluded that, in karyomorphology, no essential distinction exists among Pyrenaria, Tutcheria and Parapyrenaria. Furthermore, the fea- ture of interphase nucleus distinctly separates these three genera from the neighboring Camellia, Gordonia and Hartia within the same subfamily. Our recent karyomorphological studies on Camellia, Gordonia and Hartia (to be published in a separated paper) reveal that the interphase nucleus of these genera are of the round prochromosome type, although OGINUMA et al. (1994) presented that the interphase nucleus of one Gordonia species and one Hartia species were of the simple chromocenter type. It is very noteworthy that result from karyomor-phology is very similar to these from morphology, embryology and palynology. In morphology, no essential steady distinction exists among Pyrenaria, Tutcheria and Parapyrenaria. In contrast, the three groups are condensed together and distinguished from the neighboring genera by rather consistent features in seeds and seedlings (KENG 1962 (KENG , 1972 . The seeds in the three genera are much flattened, often irregularly angulate due to mutual pressure and the seed coats are thick. The embryo of the three genera commonly share a pair of very thin and large, but contorted and twisted cotyledons. The twisted cotyledons gradually emerge from the seedcoat, rapidly unfold and spread out, performing the function of photosynthesis during the process of germination. Following MARTIN'S (1946) phylogenetic classification of seeds, the seeds of the three genera belong to the 'folded' type. This type is inexistent in the rest genera of the family Theaceae and is of taxonomic significance. In embryology, the Pyrenaria complex also share most characters (YANG and MING 1995a, b) . Especially they have the same embryo sac formation of Polygonum type, which is distinct from the Allium type of Camellia (CAO 1965; KAPIL and SETHI 1963; Liu and ZHANG 1983; MATHEW 1978; Tsou 1997) . In palynology, all representatives examined in the three genera show the common exine sculpture of rugulateundulate to rugulate-reticulate (YANG and MING 1995b) . All this data, as well as the present karyomorphological result, together support to establish the Pyrenaria in its broad sense, and reduce Tutcheria and Parapyrenaria as synnonyms.
Systematic position of Pyrenaria s.l.
To our knowledge (GILL et al. 1984; MEHRA 1976; MALLA et al. 1977; OGINUMA et al. 1994; ONO 1975 ONO , 1977 and our results to be published), in the Theoideae, four groups, Camellia, Gordonia, Stewartia and Pyrenaria s.l., share the basic chromosome number of x=15, which indicates the close relationships among them. The seeds of Pyrenaria s.l. and Camellia are uniformly ex-albuminous and unwinged, different from those of Gordonia and Stewartia. Furthermore the fruits of Stewartia have no central columella, different from the other three groups. Therefore, Pyrenaria s.l. and Camellia have a closer relationship. As found in the present research, all species of Pyrenaria s.l. examined here were of diploid and no polyploid was found, but polyploid is common in Camellia (LI and LIANG 1990; ZHANG and MING 1999) and is also found in Gordonia (OGINUMA et al. 1994 and our results to be published). Therefore, Pyrenaria s.l. might be more primitive than Camellia if viewd from the karyomorphological data. This result is consistent with suggestions from the analyses of the embryo sac and the seed germination evolution (KENG 1962; YANG and MING 1995a, b) .
Phylogeny in Pyrenaria s.l.
Among these species investigated here, a obvious evolution clue or trend in the morphology of reproductive organ can be outlined. This trend mainly shows from the free styles and 5 loculed ovary in P. diospyricarpa and P. oblongi-carpa, to single style and 5 loculed ovary in T. spectabilis, to single style and 5-3 loculed ovary in P. turbinata, T. greeniae and T. pingpienensis, and then to single style and 3 loculed ovary in Parapyneraria multisepala, T. hirta, T. microcarp a, T. symplocifolia and T. wuiana. However, it is difficult for us to find corresponding evolution clue among these taxa in karyomorphology. Some important karyomorphological variations, such as mean arm ratio, ratio of longest chromosome/shortest chromosome and karyotype asymmetry, which are usually used to detect evolution trend of plant taxa, are hard to give clear explanation in Pyrenaria s.l., because these features are common or show a pattern of reticulate evolution. For examples, T. hirta, with the lowest mean arm ratio, is not the most primitive member in morphology, and T. spectabilis, with the highest mean arm ratio, does not represent the most progressive evolu-tion level. All these facts suggest that karyomorphological information have poor significance in the study of infrageneric phylogeny of Pyrenaria s.l. New approaches, such as molecular data, must be employed to elucidate the inf-raphylogeny and evolution of the genus Pyrenaria in its broad sense.
